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In this method for urinary porphobilinogen (PBG), urine is added to Bio-Rad AG1 -X2 (200-400 mesh) acetate resin under alkaline conditions and mixed. After two water washes, the adsorbed PBG is eluted with acid and reacted with Ehrlich'sreagent (p-dimethylaminobenzaldehyde). Quantification is by comparison of the color developed with that of a PBG standard similarly treated or of a calibrated methyl red solution. The precision of assay of PBG at 20 and 50 pxnoVL is 1.4% and 0.9% within-batch and 4% and 3.9% between-batch, respectively. The analytical recovery is about 90%, a proportion that appears to be inherent in the resin method. The proposed method (y) treated with acid to release the PBG, which is then reacted with Ehrlich's reagent to form a color. All three resins performed equally well and gave positive results for urine samples with PBG concentrations twice the upper limit of normal. The practical utility of our screening method has led us to investigate its use as a quantitative method. We also investigated the use of methyl red solution as a surrogate standard.
Materials and Methods

Samples
Freshly voided early-morning urine samples are used to initially assess the PBG concentration. The 24-h urine samples are collected in brown bottles containing 5 g of sodium carbonate and preferably kept refrigerated during collection.
Reagents
Bio-Rad resin.
We used AG1-X2 (200-400 mesh) acetate resin (Bio-Rad, Richmond, CA 94804) in this study because it was abundantly available in our laboratory. We stir the resin for 15 mm with four volumes of 1 mol/L acetic acid, using a magnetic stirrer. After decanting the acid, we store the resin in a bottle with twice its volume of water, at 4#{176}C. PBG working standard (50 pmol/L). Add 1.9 mL of water to a frozen aliquot and use without delay.
Methyl red stock solution. Dissolve 25 mg of methyl red (Sigma Chemical Co.) in 2.5 mL of concentrated HC1 and about 20 mL of water. Make up to 250 mL in a volumetric flask with water. Store at room temperature in a dark bottle.
Methyl red working solution. Dilute 1.0 mL of the stock solution to 100 mL with 0.1 mol/L HC1 and store in a dark bottle at room temperature.
This solution is stable for several months.
Procedures
Assay. Transfer 1.0 mL of resin slurry (stirred well) into a 13 x 100 mm test tube. Add 0.5 xnL of urine sample and PBG standard into each of two test tubes. Add 0.25 mL of ammonia solution, vortex-mix for 15 s, add water to nearly fill the tube, cover with Parafilm, and invert to mix the resin. Centrifuge for 2 mm and remove the supernatant fluid by aspiration, taking care not to lose any resin. Repeat the water wash and aspiration steps again. Add 1.0 mL of acetic acid, vortexmix for 15s, and centrifuge for 2 mm. Carefully transfer 0.6 mL of the supernate into another test tube, add 0.6 mL of the cold Ehrlich's reagent, mix, and transfer the tube containing the sample into a 37#{176}C waterbath for 1 miii. For the blank, use 0.6 mL of acetic acid and 0.6 mL of cold Ehrlich's reagent and proceed as above. After the minute in the water bath, take the sample out to complete the color development within 7 mm at room temperature. Alternatively, warm a small portion of the cold Ehrlich's reagent to room temperature for the color with resin, according to the above assay procedure. Wash and elute the PBG with acetic acid. Develop the color as described, using 0.6 mL of acetic acid as the blank. Plot the corresponding PBG concentrations of 0, 20, 30, 40, and 50 imol/L vs their respective color absorbances. Measure the absorbance of the methyl red working solution and determine the PBG concentration that yields the same absorbance. For accuracy, this factor (F), the methyl red equivalent of a PBG concentration that yieldsthe same absorbance, should be determined more than once.
Assay evaluation. To evaluate our proposed method, which is essentially a modification of the method of Moore and Labb#{233} (3), we assessedcolor development, assay linearity, elution of PBG, interferences, analytical recovery, precision, method comparison, and the use of methyl red as a standard.
Results and Discussion
Porphobilunogen is more stable at neutral or slightly alkaline pH than at pH 5.5 (4). Moreover, for optimal PBG stability, the urine specimen should be protected from light during collection and refrigerated (5) .
Color development. The color of the PBG-Ehrlich's reagent complex was stable after 7 miii, provided the Ehrlich's reagent was at room temperature. Because the Ehrlich's reagent is kept at 4#{176}C, the addition of this cold reagent to the PBG eluate did not form a stable color by 7 miii. A simple step of warming the reaction mixture in a water bath at 37#{176}C for 1 mm and taking it out to develop at room temperature produced a stable color. For optimal accuracy, the absorbances of all reaction tubes should be read at 7 mm after the addition of Ehrlich's reagent. Linearity.
The linearity of the resin method was determined by assaying a pooled urine sample supplemented with various concentrations of PBG. The method response is linear with concentration up to 300 .ano1iL, where the net absorbance is about 1.840. This represents a PBG concentration --50-fold the upper reference limit, which is considered to be 9 imol/24 h (3).
PBG elution. The effectiveness of eluting adsorbed PBG from the resin was investigated by using 1 and 2 mol/L acetic acid. An aqueous PBG solution (80 ano1/L) was adsorbed by the resin and eluted with the two concentrations of acid. Because our proposed method uses one elution step instead of four as originally suggested (3), a stronger acid would be expected to elute more PBG. However, the results show otherwise: both acids eluted PBG with the same efficiency. Nevertheless, we prefer to use 2 molJL acetic acid for elution.
Interference.
The nonspecific nature of the Ehrlich reaction contributed to poor results in early qualitative PBG tests, presumably because of interferences from urinary metabolites (3). Treatment of the urine with resin eliminated most of the interferences (3,6), including drugs (1) . To ascertain whether two water washes of the resin was sufficient, compared with four washes as originally suggested, we assayed a pooled urine sample supplemented with PBG. The results showed no difference according to number of washes. The use of less resin and less urine sample in the method probably accounted for there being fewer impurities, sothat only two water washes were required. Drugs such as chlorpromazine, methyl dopa, and aminosalicylic acid, urobilinogen, and pyridium have been shown not to interfere with the resin method (1,2) .
Spectral absorbance. The absorbance spectra of the PBG-Ehrlich's reagent complex and a methyl red solution are shown in Figure 1 . Both solutions are pink but the PBG-Ehrlich's reagent complex has a double peak, at 525 and 555 nm, whereas the methyl red solution peaks at about 520 nm. Measurement of a test at 555 nm is more appropriate when an aqueous PBG standard is used. With the methyl red standard, the absorbance is measured at 525 nm; although this absorbance is about 17% less than the PBG absorbance at 555 nm, the importance of the decrease is minimal.
We stress that only a pink color suggests the presence of PBG and that we measure the absorbance only when this pink color is present. We have not observed that any unusual Ehrlich-colored complex causes falsely high results from urine samples of normal people and from our limited set of patients' samples. Low (normal) urine PBG concentration forms a slight pink color for PBG-Ehrlich's reagent. The detection limit, determined as 3 SD above the mean blank value, is 0.8 tmoI/L. We have been able to measure as little PBG as 1 anoIiL in urine.
Analytical recovely. PBG was added to pooled urine to enhance its concentration by 10 and 50 imoI/L. Analytical recoveries at these two concentrations (determined WAVELENGTH(nm) Fig. 1 .Absorbancespectra of PBG-Ehrlich's reagent complex and methylredstandard solution in triplicate) averaged 85% and 90%, respectively, as quantified with PBG standard. This recovery is acceptable according to the criterion of Logan (7) . The low recovery appears to be from the bias in the method, due to either the color suppression of the test when compared with the standard, or the disproportionate release of PBG from the resin (whether from urine or the aqueous PBG samples). Color suppression can be assessed from the Ehrlich's reagent color for PBG added to the eluates of urine and of water after resin treatment. Because we found no color suppression, the probable reason for the low recovery is the disproportionate release of PBG from the resin. This is further supported by the low recovery of PBG (93%; unpublished data) in Mauzerall and Granick's method (8) . This negative bias appears to be inherent in the resin method.
Precision. The within-batch precision at PBG concentrations of 20 and 50 tmoI/L (n = 7) was 1.4% and 0.9%, respectively. The between-batch precision at the same two concentrations (n = 9) was 4.0% and 3.9%, respectively.
Method comparison.
We assayed by the proposed method and by the method of Mauzerall and Granick (8) random ( Procedural improvements. In the original method of Moore and Labb#{233} (3), 1.0 mL of urine sample was treated with 4.0 mL of resin suspension. Our modification requires less resin and less urine sample and, by using only two water washes and one elution, is a quicker procedure. The one elution step releases about 72% of the PBG from the resin, compared with about 50% in the method of Moore and Labbe. Whether this is due to our method variation or to the Bio-Rad resin is not known, but the one elution gives a more intense color for the PBGEhrlich'sreagent complex.Methyl red used as a surrogate standard furthersimplified the procedure and gave results that compared very well with thosederived with the PBG standard. Our modified method is precise, accurate, and apparently not subject to interferences; it should be an attractive method for the busy laboratory.
